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THF. DEPENDENCE OF BIAS? ON AHBIKNT 
"PREGSUl^ AND TEMPERAT^JRE 

Abstract 

The effec'b of external atmospherJ/J conditions on the blast from 
an explosive  is considered.    It  is assTmed that a change  in these 
external conditions  loads only to a change  of the scale of pressure, 
distance,  and time.    It  is further assumed that except for this change 
cf pcale the total energy in the blast wave  is  independent  of the 
nScternal  conditions*.    The  result   of these   considerations  is a 
generalized law of similitude, namely,  the blast pressure moasured 
in units  of the atmospheric pressure,?,  is a function of 

S/p/to R and ?/p//f .»/Tt only, where Y! is the charge weight, T is 
the'abolute ambient temperature, R is the distance  from the explo- 
sive,  arid t  is the time after detonation. 

This  result obtains  only if external conditions  such as the 
hoight  above the ground, which acts as a reflecting surface, are 
scaled properly.    If the blast effect  of explosives detonated  in the 
neighborhood of airplanes  in  flight  is  considered, the  absence of 
ground reflection reduces the effective weight of the. explosive by a 
factor of tv/o.    Thus  it  is  found that, if the  peak blast pressure at 
a given distance  from the explosive   is p at  sea level,  then the pres- 
sure at the   same distance from the explosive at  an altitude  such that 
the atmospheric pressure  has been reduced by a factor .'.'(TT-'l)   is 
approximately p'  =V*"./2 p.      If the absolute temperature  of the 
atmosphere at this  altitude  is  less by a    factor © than the sea level 
temperature, the  ratio of the  impulse above  sea  level to that  ob- 
tained on the  ground is 

■^^■■'^/i^kJT). 

A further result of these  considerations  is that changes  in 
terporatuio may lead to a positive impulse under extreme ivintor 
conditions which is 8^'o greater than the  positive impuleo obtained 
imdcr extreme  summer  conditions. 
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^^X'^sssry to.Knowtn^ pea. pressure xnne Dlast_ 

^v-.;"? '"Ji^'^eisire^pnt^of tnesTqLn?it?e/havs ^een carried 
oS   on' tlif^rS^d Where '{he ai^blcntVessure anA temperature 

blast. 

2.    Tlie similarity transfomation 

A rigorous treatment of the effect of cnanges in_atmospheric 

detailed dj.scussion oi  in^- xud.._-L,^^ -.Mvr-r^nnriinr jitTTioqDhei^e to .„ j-h'. rv-iViQivp intprQ^^ts vith the ^jLirrounuin^i di/iuubpu'w-- ^u„4. 

ivaliSwe to'the Matt Ld-on the external conditions.    Then 
?hS Hraciest denendencc of the shock vrave on changes m the 
a?LspS!;r!fprfsSS\na temperature ana on the e^^ 
is exnresslDle In terms of a siimlarity transformation,    inax 
is   thn rtGTiendence of oressure and density uf thu air i" ]■'» 
Mist on dis?SSe and time for one set of external conditions 
Siy be Obtained from that for airr^rent external condition^ ., 
fhin-yirtp tf"-- scale bv which pressure, aensity, distance, dnuuxji 
Se featured.    ?il magnitude of the change in scale i? f ^f ^^y 
determined by the change in external conditions, as ^^ix D. 
shown subsequently. 

R'= xR and t'  = i-t i| Iven by       \ 

p'{R',t') • TP(R,t) 

Where X and  rare constants *lch^detepinethe^change^in scale 

^\o^T^t?S. of?hc b?ast^lIvo; ^heS pT(SrV) Is'also^ 

i       ..::  
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solution* if the scaling constants x, T, and 9 satisfy the 
relation 

x/r'f9~. (1) 

The new solution has the required nroperties that the blast 
Dressure at great distances from the exnlosive aoproach the 
value p' = tff and t.hat the velocity of the shock via.ve at PTQBX 
distances ^e equal to the velocity of soijnd in air ax temperature 
T'.   Actually, the condition Eq. Tl) follovvs from the latter 
requirement since the velocity of sound is nroportlonal to the 
square root of the absolute temparatiire ani, in addition, it 
must have the dimensions of distance divided by the time.   • 

The eneriy that .goes into tft6' blast vfave will be 'defined' as 
the fetal Mergy or the air behind ---he sliick frorit,' less the 
energy of' the sane volume of air. at atmosbheric'^ cohdit ions, 
Tnufi the e7^<irs/, E(tO, at any tjine t after the explosion may be 
written as 

K(t) - >[.p + 1/2 pu^ *p^j-_'c^-m. .;<1V 

XPO^^^^O^VO^O^^' v- 

where ^ is- the ail-; density,'u the velocity'of miss i5lbtion> find 
Cv the stecific heat at conbtant voiuffie ner unit ffia^s.   The 
volume inte^racion is tc be .carried out over the vsliirae, V, 

-behind ^RSiShock front.   Th&• subscript arefers ta'atifnosbhsric 
"Cdnditlons* .   ■ -      • 

VJhen the atmospheric condi'tj.ons ar-e clTanged the first term 
in the energy is multiplied by,toc3 since-it has-the dimensions of 
oressure. tjmes distance cubed.   -Froni their diraensiong, it is 
cslear that the other terms must change in the same wav** so the 
arifirsy*, 2» '^^i"£i" tJie one set of rtandi.tions a-t time t is related 
to fhe enei'sy, E', under the other conditions at' the correspond- 
ing time t' by 

E'(t')   = TTX^(t). 

•  See anpendix. 
•• This can be verified directly for the 1/2/>u2 tern by means 
of the formulae given in th2 annendix. It is also immedlatGly 
clear for the snecific heat term if the air may be treated as'a 
nerf6ct ^ms. 



P^STRICTEE 

Z ^i^^^^^^s^^^tVrn ?^^7^ °"iy on the .ass nai conditions.    The   ■" the rkVJnl :IJ^ Infleoendent of exter- 
^y ^ factor m, the r      . Jil S^f.^J^^.^^f explosive Is Increased 
factor.    It fallows tnatixi ~'^g ^' increasea by the sSI 

X - 

or 

yi^. (2) 

is foS't^f Sf '"'^ "'^'^^^ '^'^ ^-U), the Change of time scale 

in te?5| ?fTJln°?af^'l?'^>" ^■^•^2) anfi (3) can be ex-r^^..^. 
atffiosnherlc nrS^nrp^nf^^f'' °^ slmllitucie:    if P and '?^ frf ?u. 
weight of'?he1l?Kll^'   ?^%°St^Jf'^^^^^^^^^^ i? '^ is tS' 
P is a function of l/V^J^vt.lflf^f^^' '"'"'"'^^ in-units of 
analytically,'^'' ''^ ^'^'   ^ snd -^/pTir./Tt only,   depressed 

,  tiols^Mch\s^tS^JJsn^^or°S^rKf i3"f ^f °*^^e^ external'cordi- 
grouna are scaled SroBeflv "^rSf«l^^^°'^^^ relative to the 
considered in .fiction 3;^'   ^^^ ^^'^^^^ °^ ^^^se factors win bP 

•atffloqnherl"'^S''V°f^>?-^^ ^^- ^^^ ^f similitude ^nr i.^t-^h th« 

3.    la£3.uence_^the ,^ound .n^... .. -n-ir'rml 

<3eviations^?oS%hrrL'ult.^fV^'FJ'^^^^^F ^^ various sizes some 
exne^ted because 31-the loss cf^ir^ section nly bl     ™' the blast wave and the ffrmmrt     ^p®^^ flue to friction between 
Jfcreaain,^^ atmoslheric S?Sre/S?^^''''^^^"^ ^^-arge veiihts or 
oblJScI r^- *^^ explosive at whic? a SKT"' ^^^^ absolute Observed increases.    Therefar- th«^^ .^^^^^" energy should be 
*i°i}al effects ca.1 act KGJSe^^^?^'hf'^^'f^^^ '^■i^-'^ fric spondiiigi^r decreases     ^hnc t^f^^^''^ ^^^ available ener<'   -jrrp- 
r5oraewhatlir.3.iier tht e^SectM r^^r^^^^??.^^' ^^ expeltel to bl 
under these circjirstgncS ^'^' ^-^^^^itude considerati' 

'^' RESTRirTm 
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^"« ^-  (3) Becoi.es ■m 
yst -3 

in/2-^ . 

^ '' ^s ^^ey stand.   '^"^' "^se win be 
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^'    Pf^ndence on altitude of neaX oreBS'jre anrt i^^m.^ at a 
gJvgn distance: ~ ' ■ — 

A particular anclication of Zqs. (5) and (6) ^s f^ detf-f,ninp 
JSmh^^!f.°''f^'"^'^S ^"^ i''P^lss at a nied Sstance; R: :rS a 
?ies ^e "n^SS ^J^i^n'.''^. ^?^'^ ^^^" *^^ ^^^'-^^^ of'tfese'^ainti- ^i! -.^ ."■"°i?^ ^^ ^^is distance from the same type of toorrb at 

p « k/R" 

'o!:E£® ^ -^f.^ constant and n is a naTiber between 1 and 2     The> 
t2^!^°?,"'^^"^ relation at such an altitude tSt thrD-essure an* 
temperature are reduced by factors n and e ret^ctlveiy is 

P' = x^vk/CR')"   . 

|hus.forRi_. R, pt = x\p. orn;a]cinguse.or2Jl.a5) and setting; 

. p. . ^l-n/3/gn/3^^      , ~:C^>--. 

For peak nressures less than one atir.osphere, n is approximately 

P' -/^T^p. (8) 

Thus the blact pressure at an altitude of 25 ooo -^opt    uhe.rft tha 

dfelan'oe'^^omlS JJ^br'^"^"' "'"^''^ ^^^ ^^^ "-'''^^^ ''' ^^' 

I = I,/R . 

Thus at hifih altitudes the iri.DUlse-distance relation is 

I'    =    TTTX   TQ/R'     . 

-^- RESTRICTED 
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Im To): ^ ''^' ''''°''' ^' T^ixl      , maKirKf u^^f-:    ' :ii5r 

I' - '^   /?/Tv^ I. 

5.    Effect Of variati»na >.r   .^mperature on bla^t ma^^||>^«y|^,.y.t. 
.,„ -'^ carrying out blast iu. 
flay variations in the atmot.^ 

oS^^ JiF^^®"°® i" the resun 
H^f^^^i" are aeterained by F 
the oraagurea on the tv.^o dk\ 
or .absolute t-empBratures. 
,pre5su:?e,.is small rand it mai 

feet^eai^sumier and vinter du 

urements on bombs there are da -to- 
'  -li pressure and tejTiDPrature.   A 

-served blast is to be expectac , 
to be expected from on(j day t(: 
'ill^^, ^ll ^^-^^^ t^a ra^lo cf aj^a 9 Is the corresponding ratio 
general the relative variation in ■^ assuiTied that yl.    T? •*':■,"" f"- 
r   >^-!ovr -V      -^^^;^^ ,jj._^ ^^^^     ■ 

10*0 

Inserting x=l in Ei^.d), the relation 

-r- lA^ ' 

Mayer^Sid f ""nwSf ?^^'^' discussed with Drs. K. Lewy. J. E. 
be^rin^2r.%<^?R'i^lKfeScS??^' °' '''^'" suggestions have 

Id, ^ ^.; ' 
R. Cx. Sachs 

jy 
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APPENDIX I: | , | 
^  ;  p 

The differential equations"deter.nmn.f ,.,,.. -oreseure -   l< 
2n?!?ifL/^' ^^ '^" sas velocity u of tho i^r ar^^he^onail equation: 

V 

dlv    ^u +   ^f,^t ■ 0, (5,) ' V| 
aiid the force equation: i' .^ 

. _ p _<lu/(lt + grad :p-0. '.'. (ij);;i"^^| 
i^^a'l  !^ 

I I 'II 

The function.u(a,tVbecorces: ■ "'^^iU  ^ 

under the new: conditions &irce viicc tno limeiiaiona of L»yiv''i' 
diviaea by time,    p.is ^sropprLi^/ial.to p/r so it becomes )W:m 

f'(R«,t')..|-p(R,t r::' ^ %f? 

forp'CR'^t') m Bijg. (a; :i^A (b) lt«4is 10 cne equationsWi; 
.      . 1f • 

and •..,,_ .;^^i?|' 

S!P« 5i^,"^*P*<^' iapjy OimrtnU^^m with rispect t,MA 

5H«!'"'/IW ^"''.•* ■i* I*) *" rwulrat*. and the second rMt) 
fi« «♦ « KlutlOTW Of tht dlfftrfttJ.U!; iquationE.   Whet^g^$ 
im art the oonr^ot eolutlont can only rw deterained by ^Sj^: 
tnat all boundary (wnditiona ecals in lite B?me vr.vy.   " ^^ w 
aDi*n»rt for the boundary oondltiona re.'eniafi; to 1^).-, v:,?^ 
« R but nothing oan be eald about the jondltiona at ft-o vJi^., 
further Knwled«t of the interaction of the detonation -m^^fi 
the air. ^' -t / 

.yi    ',■ ;. 
v'v:    I,   ff 

ill 
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